>T AVAILABLE COPY 



i (batons ffiEso 


© ftifcSieatai 


A2 


© AppStttionranrttar: GCS3SS31.7 
© Date of fifing: eue3£5 


(E&JQ5J23 (53 

© taverns?: te?^<£?o&35a 

(BeSSscsto (tan Ec$e?&atW6© 





§2€83S&R3(gBlinrUEl& 

59 KHQ ©tea ?5%C£39£i fftacr 
Ba38oa,C2ft0»IG3|U5) 



© tawsnSon ftB£fn,E288V(2mD 


© RsjmssgitlEJhra: ^5^I&g£3&sC!££bi cfi d. 


© 


aab ote&o&o; GBpgre&ra ufifc&tg cash otefirotfaBS and 

K3ot cjrscStaBy to ratebl&ujQfttrfoaridntfcs^otafci 
to to gmfcc&ra o? cosfe dssiicdas (or ls& or eftnfeom 

Tfc3(3tel3nOti^CBntt3Un^foC3lhKSK^^ 

aMchesr^booVtisoicatocoi^ 

fc*3 upon q ttfttataosfn campSs (using q cyrtnsa) or upon cn 
QQffistoGd ccmpte (09. tsgng a itaeCfrpricEc dsrtca). In to 
c^csStcatai dafein, censor means tor csfcdfoa tistectfon. 


cdtelytolly ccflwa crfjaoanato outfto»«oniiguoustt!ft; 

(o) at oroa 5 of rofenscss Q&tiroda rrcieriol; fctfh ^b©> 
tre&a feeing oJcmcfl (Smesi^on, end crttamftng £3 or (sup- 
ported on csi etongsto msmbsr to &c0ft9to msnlpulaSon 
SnafiSosB or during contest criBh Sva toua or a smsBttfthOsan 
esnq&ofbodyfcfel 


FIG.1 



0 ndstaoQ off dissolved cubtftrutGis, ccmjnfentg:* 

to) on qtqo C 0? ftrss oL^Uvt£3 fYiuurUJ ooivipriBSng Eft 
crepma coseSv^e 0$ tha gM EuSearcto tmd 0 mediator eoro- 
BBURdCotasn^cftorgQtotoQ^^ 


CK?&a 6Hte&3 US. 


0127958 


x 

M&C POLIO i P46069X HAHGDOCi 0105r 

Titles -Analytical Equipment and Sensor Electrodes 
Therefor - . 

THIS XHVBSTXOH relates to sensor electrodes, and their 
coabination with reference electrodes; to the 
manufacture of such electrodes; to apparatus utilising 
such electrodes; and to electrical circuitry into which 
5 such electrodes can be incorporated* 

Our European Patent Application 82305597 describes the 
construction of sensors comprising a conductive 
electrode coated with a mixture, or layers, of a 
catalytically active enzyme and a mediator compound and 

tO usually further coated with a retaining permeable 

membrane. When such a coated electrode is contacted with 
a substrate containing a species for which the enzyme 
exerts a catalytic effect, the mediator compound 
transfers charge to the electrode and this can be used 

15 to give a readout signal, against a standard electrode, 
correlated with the concentration of the said species, 
even in the presence of other species since enzymes are 
typically highly selective in their catalytic action. 

Enzymes which have been investigated and utilised in 


©Ha?®©® 

gssteh sy©t®a© are listed elsetJhere in tfci© specification 

Sfeu® ff atsocsroM t^pes ©f eng5pa©-coat®d ©l©etrodes &av© 
to©© utilised ©aefo specific to the presence ®£ a 
g&y © iolog leal @r ©tB&er ©ufestrat© for tfhie&a tin® 

S particular easgos ©eta a© si eataly©t @&e& tSnerefore 
potentially ©ag>afel© ®2 aetiEEg to detect, Qe&atsr© or 
EDSiitor ttoe level ©2 ttoe substrate in vivo ®r in vitro 
asrd giv® 0 r<s©dout correlated So? instance witfo an 
imnclerlying pl^fsiolog ical eeaditioa controlling 

10 affecting t&e ©ubst irate level o Xn particular „ case of 
glucose ®sid&©@ ©r Ebaeterial glucose de&gitoag®Ei&se a© 
t&s gasjfo§^ 'M@o£iat<sd trit& suita&le 

electrosa^transforring mediator oosperms©* tos fe®ea shown 
to giv© redout signals correlating linearly with in 
15 vitro blood globose levels over a wide range thus giving 
a diagnostic or measuring tool for diabetic 
eonditionso&lso, ©neb el«et«dss can measure glucose 
level© in plasaa ff serua* interstitel fluid*, saliva or 
urine 0 

Xo aediator compounds described in our copending 
application include polyviolcgens* fluoranil and 
ctoloranilo Hoc3ever ff the preferred ©©Siator compound® are 
oetalioeen© eoopounds fl and in particular the ferrocene® 
(biscyelcpentadienyi iron and its derivatives) o 


0127958 

3 

The particular advantages of ferrocenes are as follows 
(a) a wide range of redox potentials accessible through 
substitution of the cylopentadienyl rings (b) 
f nationalisation of the rings* e.g. to confer 
solubility or chemical linkability to other such rings 
5 or other system components (c) electrochemical ly 
reversible one-electron redox properties (d) pH 
-independent redox potential and (e) slow autooxidation 
of the reduced for a. 

The ferrocene structure say be codified by substitution 
\0 on the rings, and/or by association or polymerisation, 

which modifications affect the physical, chemical and — 
electrical behaviour so that optimisation of a 
particular sensor electrode material ia possible* In 
general use« the compound 1,1 dimethylferrocene is a 
15 valuable mediator. 

Our copending Application of even date herewith entitled 
"Assay techniques utilising specific binding agents" is 
concerned with the effect on the ensyme and/or mediator 
electro chemical availability of specific binding agents 
1o e -9« antigens/antibodies and others. It can be embodied 
by specialised electrodes. Such electrodes fall within 
the scope of the present invention and are discussed 
below. The description of the above Application is 
included herein by way of reference. 


¥h© prior art Application referred to above discloses 
equipment utilising such sensor electrcdes 0 in general 
it i© ©uitsbl© for research or last it rat loss© I {e 0 go 
hospital) ©DQo ^Ito present invention is concerned with 
£ pro^idiag sensor Qlectrcde© and equipsesit 2or us© by lay 
person© ©r without estensive technical toefe°ep services Q 

U®e say be Bade of siaeh electrodes in chenic&l industry 
espoei&lly where complex caisture® a?® encountered, e„g 0 
in £ood ebsaistry off biochemical engineering** Shey &r© 
to however of particular value in biological investigation 
or ©ontrol techniques* in husan or animal ©edieine 0 

% Eaave now established certain design criteria in the 
production of such electrodes for lay* or clinic*, use«> 

The electrodes can be used in an invasive probe( i 0 e 0 
V& one tJhiefc enters body tissue to contact a body field 
such a© &hole blood or subcutaneous tissue fluid) or as 
past of an external test upon a withdrawn sample (using 
a syringe) or upon an expressed serapl© (e 0 g 0 using a 
needle-pricfe deviceK in each instance the electrode • 
1o Btast be as soall as practical to avoid trauma either on 
invasion of the tissue or withdrawing of the saopleo If 
invasive,, it oust be throwauay* to avoid 
. cross-contamination assd to prevent ^encapsulation by 
fibroblast cells which occurs with loag-tena ioplantSo 
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It aust be elongate, either to fit within a pointed 
needle, or for ready handling an an electrode for ready 
assenbly to equipment on the one hand and contact with 
the sample on the other, it met be sensitively 
S manipulable. It oust carry, prior to assembly or in the 
assembled structure, the reference electrode as well as 
the 'sensitive 1 electrode, in spaced non-contiguous 
relationship. 

The present invention, in a major aspect, consists 
\C sensor means for selective detection, measurement or 
monitoring of a given dissolved substrate in a mixture 
of dissolved substrates, comprising s- 

(a) an area of first electrode material comprising 
an enzyme catalytic of the said substrate and a mediator 

IS compound to transfer charge to the electrode when the 
enzyme is catalytically active, adjacent to but 
non-contiguous with; 

(b) an area of reference electrode material; both 
electrodes being of small dimension, and extending as or 

lO supported on an elongate member to facilitate 

manipulation before or during contact with live tissue 
or a small withdrawn sample of body fluid. 

the area of first electrode material may comprise (a) a 
ligand such as an antibody (b) an antiligaad, such as a 
% hapten , with specific binding properties thereto (c) 
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M4C POLIOt P46069X ffAHGDOCs OlOSr 

Titles "Analytical Equipment and Sensor Electrodes 
Therefor". 

TBI8 INVENTION relates to sensor electrodes, end their 
combination with reference electrodes; to the 
nanufecture of such electrodes; to apparatus utilising 
such electrodes; end to electrical circuitry into which 
5 such electrodes can be incorporated. 

Oar European Patent Application 82305597 describes the 
construction of sensors comprising a conductive 
electrode coated with e aixture, or layers, of a 
catelytically active ensyae and a aediator coapound and 

tO usually further coated with a retaining peraeeble 

aeabrane. When such a coated electrode is contacted with 
a substrate containing a species for which the ensyae 
exerts a catalytic effect, the aediator coapound 
tranafera charge to the electrode and this can be used 

15 to give a readout eignal, against a standard electrode, 
correlated with the concentration of the said species, 
even in the preaence of other species since ensyaes are 
typically highly selective in their catalytic action. 

Sntyaea which have bean investigated and utilised in 
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®edh ©y©toos are listed elsetrhere in this specification 

'FtaEBp ataBeroas tjppos o£ ensyoo=eo&t©d ©l©etrcdes tew© 

©tiiiaed each specific to tb& presence ©2 a 
gfe3?©i©l©§ical ©r ®t&©r sabstrat® 2©r tfhieEa the 

f£ paetic&lar ensgos acts as & e&taly©t each tfi&sreSore 
potentially capable o£ aetiag to detect* Eea®iar© or 
Eonitor the level ©2 the sabstrat© in vivo or ia vitro 
asd give © readout correlated for instance with aa 
Bmderl^fing physiological eonditioa controlling @* 

10 aggeetiag the substrate level 0 la particular,, esq 

gi^eos© ©sid&so or bacterial glucose fiebjdrogenase a® 
tfo© (iasjf^^ '^sofistedi with suitable 

electroa~traas£©rriag mediator cospoisadSff has boo© ©bown 
to give readout signals correl&tiag linearly with ia 
15 vitro blood glucose levels over a wide range thus giving 
a diagnostic or aeasuriag tool for diabetic 
conditionso&lso* ©neb electrodes can measure glucose 
levels ia plasma* serun* iaterstital £luid<> ©aliva or 
uriae 0 

%0 TO® mediator corpoexDS® described la our copending 
application include polyvioicgens, £lucranil ©Did 
chloranilo Hocjever,, the preferred aediator compound® are 
aetallocen© compound©* sad in particular the ferrcceaes 
{biscyelcpentadienyi iron and its derivatives) o 
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The particular advantages of ferrocenes are as follows t- 
(a) a wide range of redox potentials accessible through 
substitution of the cylopentadienyl rings (b) 
f nationalisation of the rings, e.g. to confer 
solubility or chemical linkability to other such rings 
or other system components (c) electrochemically 
reversible one-electron redox properties (d) pH 
-independent redox potential and (e) slow autooxidation 
of the reduced form. 

The ferrocene structure may be nodif ied by substitution 
on the rings, and/or by association or polymerisation, 

Which modifications affect the physical, chemical and 

electrical behaviour so that optimisation of a 
particular sensor electrode material is possible. In 
general use, the compound 1,1* dimethyl ferrocene is a 
valuable mediator. 

Our copending Application of even date herewith entitled 
"Assay techniques utilising specific binding agents* is 
concerned with the effect on the enzyme and/or mediator 
electro chemical availability of specific binding agents 
e.g. antigens/antibodies and others. It can be embodied 
by specialised electrodes. Such electrodes fall within 
the scope of the present invention and are discussed 
below. The description of the above Application is 
included herein by way of reference. 


She prior art Application referred to above diselosos 
©guipoQnt utilising such sensor electrodes 0 in general 
it i© ©uitabl© for research or institution©! {e 0 g 0 
hospital) ©coo present invention £3 concerned with 
£ providing sensor electrodes and eguipaenfc for us® by ioy 
pe£@@n® or wi throat estoausiTO technical teefe«=©p ©oirvie&So 

Us® o&y be s&de of such electrodes in ehenieal industry 
especially where cceples raixtures are encountered* © 0 go 
in good ehsaistry or biochemical engineering Sbey are 
\0 hw©ver oi particular raise in biological investigation 
or control techniques, in busan or ani&al B©dieine<> 

ffi© toavo act? established certain design criteria in th© 
production o£ such electrodes for lay, or clinic* use„ 

TSj© electrodes c&n be used in an invasive probe( i 0 Qo 
V5 on@ ushieh eaters body tissue to contact a body fluid 
such a© whole blood or subcutaneous tissue fluid) or as 
pairfc of an esternal test upon a withdrawn sample (us lag 
a syringe) or upon an expressed sample (e 0 g 0 using a 
needle-pricts device) * 2a each instance the electrode • 
1o Bust be as snail as practical to avoid trausa either on 
invasion of the tissue or withdrawing of the saople 0 Xf 
invasive* it oust be throweway* to avoid 
. cross—contaQination and to prevent ^encapsulation by 
fibroblast cells which occurs with long-tera ioplants B 
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J»C POLIO i P46069X HAHGDOCt 0105r 

Title i " Analytical Equipment and sensor Electrodes 
Therefor". 

1BZS ZSVBOTXOS relates to sensor electrodes, and their 
combination with reference electrodes; to the 
manufacture of such electrodes; to apparatus utilising 
such electrodes; and to electrical circuitry into which 
5 such electrodes can be incorporated. 

Our European Patent Application 82305597 describes the 
construction of sensors comprising a conductive 
electrode coated with a sixture, or layers, of a 
catelytically active enxyme and a mediator coapound and 

10 usually further coated with a retaining permeable 

aembrane. When such a coated electrode is contacted with 
a substrate containing a species for which the ensyae 
exerts a catalytic effect, the mediator compound 
transfers charge to the electrode and this can be used 

15 to give a readout signal, against a standard electrode, 
correlated with the concentration of the said species, 
even in the presence of other species since enzymes are 
typically highly selective in their catalytic action. 

Enayaes which have been Investigated and utilised in 
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mtsdfo ©y®t©s© ar© i£®t©d ©l©©tffe©r® ia this ®p©ei2ieati©a 

Stas^ iaTaB©E©©® t3fg>©s ©2 ©&sys©-e©©t©fi ©]LQefcr®fl©s toTO 
&3®ia ©tiii©©fl osusfa ©g^eiffie to tfcio g>r®©®ag® ®2 a 
gj&y®i©legiea2. @s ©fetes 1 ©«a&®trat© for cMek tfos 

S pastiGtalar ©asgog a© a ©&taly©t aM ©aefo t&i©r@2©r© 
g©t©atiaA&2f ©ag»&M© ©2 &eti£§ to «Sl©t©©t0 oeastsr© @s 
E©ait©r tints 1©^©I ©2 tto© Qabstrat© ia <yj<g® ®r ia ^itr® 
&be£ gi^® © r©afi®iafc eorr©JLafc@& 2or iasfcaae© with a© 
™ifi©r]Lyiag p&^©i©2©@i<sal ©oa&iti©a <g«tr@3l2>&&g m 

fl@ a22©etiag tfe© ©icftstrafc© I©waIo £a partietalar fl el©© ©2 
gtaeo©© ©sifla©© ©s feset©rial g2.&e©@<a adhsdsegaaas© a® 
tSi® ©asyn©* *a£©©£iat©fl with ©uital&l© 

©i^fcroa-traasgorriag mediator ©oag>©®afl©<, too bsoa ©tawa 
to gi^y© r©adoot Mgaals corr©lstiag iiaosriy with ia 
IS vyjtro blocfi glEaeos© l@tf©ls over a tfifi© raag© ttoas g i^iag 
a fiiagaostic or Qeaseriag tool for disbetie 
©oaEfiitioaSo&Is©* ©rack ©l©etrcd©8 caa a©asur© gloco©© 
l©^oi@ ia plassa* seran a ioteretitai fluid* ©aliva ©r 
isr&a©o 

%o osdiator eeop©BBES@ d@©erife©d ia ©ur eqp©adiag 
Agplicatioa iaeltsd© polysloiegeas* SXaaoraail aad 
ctoloraaii*, Hocj©wsr ff tin© pr®£©rr©d ©©Siator coapoiaad® as© 
n&Btall©c©a© e©op©©ad(i) ff aad ia particular fcfa© fcarrccsa©® 
CMacyclcgKaatadisayi iroa aad its derivative©) o 
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The particular advantages of ferrocenea are as follows:- 
(a) a wide range of redox potentials accessible through 
substitution of the cylopentadienyl rings (b) 
functionalisatlon of the rings* e.g. to confer 
solubility or chealcal linkability to other such rings 
5 or other system components (c) electrocheaically 
reversible one-electron redox properties (d) pH 
-independent redox potential and (e) slow autooxidation 
of the reduced font. 

The ferrocene structure nay be aodif ied by substitution 
\0 on the rings, and/or by association or polymerisation, 

which aodif ications affect the physical, chwleal and 

electrical behaviour so that optialsetion of a 
particular sensor electrode aaterial is possible. In 
general use, the compound l,l'dinethylferrocene is a 
15 valuable aediator. 

Our copending Application of even date herewith entitled 
"Assay techniques utilising specific binding agents" is 
concerned with the effect on the ensyae and/or aediator 
electro chemical availability of specific binding agents 
a© e.g. antigens/antibodies and others. It can be embodied 
by specialised electrodes. Such electrodes fall within 
the scope of the present invention and are discussed 
below. The description of the above Application is 
included herein by way of reference. 


4 

¥h® prior art &pplicafcioa referred to above discloses 
eq[uipaent utilising such sensor electrcdes 0 In general 
it is ©uitsibl© for research or institutional (e o g 0 
hospital) saooo ^h© present invention is concerned with 
£ providing sensor electrode© and ©quipBent for use bjf lay 
persons or without estensive technical &siek«=up ©ervices e 

Use oay be ©ade of such electrodes in cheoieal industry 
especially where cosples aisturea ere encountered e 0 g« 
in 2cod cbeaistry or bioeheaieal engineering© I'feey are 
lO however of particular value in biological investigation 
or (control techniques,, in busan or animal aedieimeo 

fte Bssavo aow established certain design criteria in the 
production of such electrodes for lay*, or ciinie 0 use 0 

The electrodes can be used in an invasive probe ( i 0 e<> 
VS one which enters body tissue to contact a body fluid 
such a® whole blood or subcutaneous tissue fluid) or as 
part of an external test upon a withdracm sample (using 
a syringe) or upon an expressed saspl© (e 0 go using a 
needle-pricfe device )« In each instance the electrode • 
1o eust be as snail as practical to avoid trausa either on 
invasion of the tissue or withdrawing of the @a@ple 0 If 
invasive, it taust be tbrotjetjay* to avoid 
- cross-cqntaaination and to prevent ^encapsulation by 
fibroblast cells which occurs with long-term iqplants» 
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It must be elongate, either to fit within a pointed 
needle, or for ready handling ae an electrode for ready 
assembly to equipment on the one hand and contact with 
the sample on the other. It wist be sensitively 
5 sanipulable. It must carry, prior to asseafely or in the 
assembled structure, the reference electrode as well as 
the 'sensitive 1 electrode, in spaced non-contiguous 
relationship. 

The present invention, in a major aspect, consists 
to sensor means for selective detection, neasnrenent or 
monitoring of a given dissolved substrate in a mixture 
of dissolved substrates, comprising t- 

(a) an area of first electrode material comprising 
an ensyme catalytic of the said substrate and a mediator 

15 compound to transfer charge to the electrode when the 
enzyme is catalytically active, adjacent to but 
non-contiguous with; 

(b) an area of reference electrode material; both 
electrodes being of small dimension, and extending as or 

lO supported on an elongate member to facilitate 

manipulation before or during contact with live tissue 
or a small withdrawn senple of body fluid. 

The area of first electrode material say comprise (a) a 
ligand such as an antibody (b) an antillgaad, such as a 
% hapten , with specific binding properties thereto (c) 


the oedietor,, conjugated to either {&) or (b) ©afi 
electrocheaically active only whoa (a) ©ad (b) are aot 
specifically boeado §Geh as electrode i® (a©Qf©i la ©ssay 
of a ©y©tea which eiabiads (a) aad (bK at least ia part, 
€ fch©refey to provide aefiiator for the <Basffra®/©is&®trate 

reactica 0 

The seasora c&a be siabdivided for e@av<s&£oae@ iat© 
extera&l $ea$or@ ff iavasive @ea$or®„ seasors with daal 
capacity* ©easors assesbled ia ®ttn a 

Eogeat&Qliy these are tased by dipgjiag iat© ©r si&iiarly 
eoatactiag a liquid substrate e o g 0 sr glaeose=»coataiaiaf 
saail blood sample or drop of blood with both electrodes 

la oae suspect the iaveatioa provides a ©easor for 
\% eoataet with a liquid aisture of coopoaeat© for 
deteetiag the presence of ff aeasariag the anomt of 
aad/or ooaitoriag the level of oae or aor© selected 
cospoaeat© capable of aadergoiag aa easy©® catalysed 
reactioa, the seasor eoaprisiags- 

*Xo l & ) ea ©locate support aeaber, 

(b) ©a a siarfae© thereof totsards oae ©ad aa espaas© of a 
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first electrode of electrically conductive eater ial 
comprising at least at an outer surface thereof the 
combination of an enzyme and a mediator compound which 
transfers electrons to the first electrode when the 
£ enzyme is catalytically active, 

(c) on a surface of the elongate support member and also 
towards the said end thereof to be in close proximity 
therewith an expanse of a second, reference, electrode, 
and 

\0 (d) separate electrical connection to each electrode for 
attachment to a read-out means denoting presence, 
amount, or monitored level of the said one or more 
selected components in a liquid medium into which the 
support member is dipped to contact both electrodes. 

\S The elongate support could be a rod or tube, but 
conveniently it emprises a flat strip. 

The first electrode is preferably formed of carbon e.g. 
a filter paper containing carbon We have also found 
that carbon foil e.g. as available under the Trade Marks 
lo "GRAPHOXL* or "PAWEX* is a valuable electrode material. 
The ensyme thereon can in theory be any enzyme, e.g. 
those listed in our European Application Itemised above 
but the use of glucose oxidase or dehydrogenase, e.g. 


8 

t&© feaet©s&al glue©®© d@hyd*og©a&{3© isam &ciaQtobaet©g 
ealcoae©ti(5ia® 4© particularly TOimabl©o toy ouitabl© 
osfiiafcos <e®agmaBid e&a fos uo®3 ff tmfc 2©££©e©a® Off 

a 

£ Ipl ^in©t&yl£®£E®6©ia©S &£© gff®atly t© fe@ p£©2o££@do 
Sy my ©2 ©Kettle ©ai^ earfeosa Soil eaia feQ giu©d to tfo© 

0 

©tslp^ 1^1 -diD©ttoyi£@icr©©©inuB osdiator eaa &s 
fi©po®it©fi ©a tfoa surf ©e© ©2 th© fell Ssy ©^aporatioa of a 
t®l©©&© ©olutioas ©asjfia© eaa E&© to t&@ 

lO seurfae© by the us© ©2 l-cyelflfo^l-S-^ 

earfesQAinid© o©t&o«p-tolu©a© sulgtaaat© {sqS<bssq& to 
te®JLca as °c©fffeodiiGid© a )° * •■" 


SS&e ®@e©sid ©loctrcd© caa b© any eoawaaisat £©2@£©ae© 
Gl@etrad©o Ho bav© fouad it us©fol to provid© adjae©at 
\S but not coatiguou© to tfe© 2irst ©Isctrcd©* a flat layer 
of silver aod to conwsrt th© surfac© tfe©r©o2 to silver 
eblorid© ©o a© to giv© aa &g/&gCl r@£©r©aee ©l©et£©d©o 

f^ypieally* tfee ©l©ctrical eoaaectioas caa b© wires uhich 
©st©ad dlowa* aM a?© p*®2©rably adb©£©d to* tin© strip, 
aafi oak© ©l©ctrieal contact ©a£b with it® r©ap©ctiv© 

@i©Ct£OS©o 

She resdout ot©ea® is pr©2®rably a digital indicator 
suitably coaa©ct©d to a d©dieat©d potoatioQtat csbich 
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poises the carbon electrode potential at e.g. +150mV 
Ag/AgCl for a glucose systea. The current flowing ie 
then proportional to glucose concentration. 

In a particular valuable version of this type of sensor, 
it coaprises (a) a flat firat electrode area of known 
area saall enough to be completely coverable by the 
saear of blood produced f roe a non-expressed drop of 
blood generated from a needle-prick at a bodily 
extreaity, (b) a reference electrode area on the saae 
surface separate from but sufficiently close to the 
sensitive electrode area that the said blood saear also 
reaches the reference electrode to establish electrical 
coaaunlcation and (c) conductive eleaents extending 
separately along the saae surface of, and thus insulated 
froa the elongate support aeaber, caanunicsting one with 
each electrode for connection to signal read-out aeans 
attachable to one end of the aeaber. 


The area of the first (i.e. sensitive) electrode is 
generally substantially square; it aay be rectangular 
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ottefftfi©© shaped,, &at in any case usually will 
©orr©®pcsBS in area to & square of 5 ©a edge lengthy or 
fc©l©£3 OoQo frOS 2 to 4 on Q 

Bo IBTOSS^B 8MSGSB 

She®© are generally needie-iilse in nature* or Sit within 
§ © holloe? needle G 

Xa on© fors the invention promises a needl© prbh© 
electrode carrier for placement through tissue into a 
taeasureeant location such as a fciced vessel* in the form 
of generally' cylindrical pointed needle having f©rn©d 

lO therein near the pointed end two flat depression® spaces 
apart longitudinally, each depression ditto a floor at 
right angles to the needle radios aod each with a 
protective shoulder at each end of that floor's therein 
tine floor of one such depression is coated with an 

\& adherent layer comprising an enzya© and a mediator 

compound to transfer charge free the ensyae when it is 
contacted with its specific substrate and hence 
eatalytieally active? the £lco£ of the other such 
depression is coated with an adherent reference 

1o electrode layer? and separate conductive elements are 
provided along the ©aarf aee of the needle* eoseuaieating 
one with each electrode layer ff for connection to signal 
readout aeans attachable at the outer end of the needle o 
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As will be apparent from the general disclosure herein* 
it is envisaged that in one fori the sensitive and 
selective electrode say coiprise a glucose taydrogenase 
(or oxidase) enzyme assocated with ferrocene or a like 
compound as a mediator compound. The reference electrode 
can be silver/silver chloride* The shoulders (one to 
each end of the depression) , because of the small 
overall probe size, protect the electrode coatings as 
the needle passes through tissue e.g. into a vein. 

In yet another form the invention in this aspect 
provides a sensor for selective detection, determination 
. or monitoring of a given dissolved substrate in a _ 
mixture of dissolved substrates, of the type in which an 
electrode is provided with an enzyme catalytic of said 
substrate and with a mediator compound to transfer 
charge to the electrode to provide a read-out signal 
against a reference electrode: wherein the reference 
electrode is a metallic needle surrounding, insulated 
from, and of, or coated with, suitable reference 
electrode material to, the sensitive electrode. Examples 
are silver, gold or silver/palladium alloy. 

In a special form of this aspect of the invention the 
sensitive (first) electrode is a carbon fibre carrying a 
coating including the said enzyme and mediator. 
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6 Baal capacity ©easors 

She ©truettagQ ©f cort&ia @ea©ora is a ©eh that thoy nay 
be dipped iafco &a estrsaeoM Q&@ple ff or ©sed tjithia si 
aeedle 0 

S Q&© eK&npl® of siaeh 1® as ©©as©? for selective 
detectioa, deteroiaatioa ©g ©oaitoriag ©2 & fiwsa 
dissolved substrate ia a oistuge of dissolved 
substrates* of the type ia which aa ©lesctrod© is 
provided with aa easyoe catalytic of said ss&strate aad 
\0 with a Esdiator eeoposed to traasf er charge to the 
electrode to provide a read-oist ©igaal agaiast a 
refereac© electrodes tzhereia.the seasitive electrode aad 
tin® refereace electrode are located oa opposite faces o£ 
aa eloagste aoa-coaduetive support of rectaagular 
VS cross-sectioa 0 la this aspect it is usually ©avisaged 
that the cross-sec tioa shall be very saail ff e 0 g<> a 
square cross-sectioa of less thaa 0 o 5 oh edge leagth 0 so 
that the seasog caa be located ia the bore of the 
aeedle e Such a aeedle/seasor coebiaatioa is also aa 
3to aspect of .the .ia^eatioao 

la aaother aspect the iaveatioa provides a sethod o£ 
f abeicatioa of ©easors of the geaeral type referred to 
above s ia which the seasitive electrodes aad the 
ref ereace electrode are separately fabricated oa 
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separable supports and these supports are finally united 
to provide a sensor. Preferably, again elongate 
supports of very Basil thickness are used^for 
needle-mounting in actual use. 


5 Such electrodes nay thus be made of particularly snail 
size. Typically, they can be nade to fit within a hollow 
needle, e.g. a 27 -gauge needle, as already faniliar to 
insulin-injecting diabetic patients. Thus, a permanent 
or semi-permanent monitor arrangement may be envisaged, 

lO since the implanted member is not uncomfortably large. 

D. Assembled sensors 

Generally speaking, the present invention envisages 
sensors made up as a permanent support strip. However, 
it is also within the ambit of the invention to provide 

\6 a two-part cell assembly each part containing a elongate 
recess accommodating one elongate electrode, the first 
electrode comprising an enzyme and charge-transferring 
mediator on a conductive support and the second 
electrode being a reference electrode: the said parts, 

lO When assembled with the recesses opposed, defining a 
throughflow liquid channel between the thereby located 
and spaced electrodes, whereby the combination is 
sensitive to the substrate of the enzyme passing through 
the channel. 
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present invention further estends to equipment 
utilising Uuo stove sensors 0 Ths equipment can be 
portable or °des&top°o 

In one fore tMs aspect of the invention comprises 
^ ©quiptaent utilising such electrodes to give visible 
readout correlated with a ©elected physiological 
parameter thus being capable of use in hsnan or 
veterinary aedicine by aeaiesi or nursing psEsonnelo or 
by experienced la? subject® oa a ©elf-seasureaent basis,, 

For convenience „ this dceuoeat will refer hereinafter to 
Mcoa-^iucose-neesuring ©quipeent as b£ing v typi©el but 
not limitative of equipment tfith which the present 
invention is concerned 0 

Diabetic subjects need to measure their glucose levels 
IS frequently <> Hitherto* a common method carried rat by the 
subject personally is color ioetric test using a blood or 
urine sample ahich is applied over a surface area 
containing a colour-reactive detector chemical, adjacent 
to a comparison area, to give a colour change which is 
%0 compared with a chart of colon? values as an approximate 
measure of glucose level » 

There are however defects in this aethodo Firstly* 
colorimetric changes are quantitatively dif ficilt to 
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assess, especially if the patient has iapaired vision as 
a result of the diabetic condition, indeed, because of 
this problem expensive automatic colour comparison 
equipment nay need to be purchased by some subjects for 

£ interpreting the test results. Secondly, the blood test, 
while inherently more accurate than a urine test, needs 
a large enough sample to cover the test surface* 
Thirdly, it requires the patient to time the colour 
development accurately. Since blood sanples, on a 

lO self -treatment basis are taken fron body extremities 
(fingers, toes, earlobes) they are normally not large 
enough when obtained by a siq»le needle-prick, and must 
in fact be expressed i.e. squeezed or massaged out to 
form a larger drop. Progressively, the tissue of the 

l£ extremities becomes scarred and coarsened by such 
treatment to an extent whereby finding fresh testing 
sites presentB a problem. 

In order to embody the invention on a home-diagnostic 
basis a main object of the present invention in one 

10 aspect is as described above the provision of small 
scale non-traumatic test pieces, either as a small 
diameter invasive probe electrode or as an external test 
electrode strip capable of using the naturally-arising 
small blood droplet from a needle-prick tester, without 

1£ tissue massage. Examples are described in more detail 
below. 
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«gU&es® ©nall-seale eloetrcdes are iateaded as siagie-asa 
throwamy article© ©ad are Qtili©ed ia coajeactioa with 
©ieetr&e&I eireaitry and a re&dotat aeaas* to which they 
mast fee easily attachable ©ad detachabi® 0 Siaeh eirctaitry 
S m& reafioat moan® is itself preferably embodied oa a 
very ©call ©cal©o 

E?© have aeeordiagly f oaad that the totality of th® 
©qtaipaeizat its subject to cert&ia desiga eoastraiatSc 

Tto® it i© & further object of the imveatic© ia this 
fosn that the devie© ©hsitald be aoatrauEsatie to the user 
either physically e 0 g 0 if"ts©ed with it© ©cm iavasive 
probe off psychologically by virtue of its appeeraaeeo 

It is a farther object of the iaveatioa ia this form 
that the device should be capable* despite the snail 
iS sis© of the throwac?ay electrode aad of the persaaeat 
circuitry/readout cor^osfieats^ of easy asseebly aad 
disassembly evem by juveaiie or elderly lay users 0 

It is ©till a further object of the invention ia this 
for© to easure the relatively expensive penoaaeat 
lo circuitry/readout eospoaeats sbould* despite their smll 
sise* be of a fom which oiaioise© loss or da©age D 

Xt i© still a farther object of the iaveatioa ia this 
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fora to provide a device the display readings of which 
are visible and understandable to a non-expert user. 

We have now foond that these and other objects of the 
invention can be net by asseably the circuitry/readout 
5 components into a housing resembling a pen/digital-watch. 

According therefore to one aspect of the present 
invention there is provided an asseably of circuitry and 
display means for use in producing a readout value as a 
diagnostic aid in human or veterinary medicine, housed 

to in a pen-like hollow elongate housing having (a) at one 
end an electrically conductive socket suitable to 
receive the outer end of at least one detachable test 
neither capable of producing an electrical signal 
correlating with a physiological parameter to which the 

IS test neater is selectively sensitive and (b) towards the 
other end a digital read-out window for exhibiting a 
numerical value corresponding to the parameter^ 
theraister aay also be used for temperature compensation. 

The person skilled in the art of designing medical 
lo equipment will appreciate that the invention extends not 
only to the pen-like asseably as defined above but also 
to the combination of such an assembly with an attached 
test member, and to the combination as a kit of 
interrelated parts of such an assembly with a plurality 
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. o£ t@®t cksq^q^® ©citable for one-off uo©o 

° a© testa °pen-iife©° i® a general lioitatioa ©a ©is© asd 
stops o Son foanetionsiA teres* its characteristics are smch 
tbat it <e&n be held near the sce&Qt bQtt?G©ia the tbnab 
S tto© nearer ©a© os" two cgposed f inger©, with tbe 

elongate bsdy resting ©a and est<sndiag bayoM the 
forefinger* &nfc fc 0 aa ®2teat that prejudices fin© 
control ©2 tfce ©octet end by the ttasb and fingers 0 in 
uaisearical tarns it cast be ffron 10 to 30 cq q long and 
to to OoS to 3 cds across its oasian© tr&asver&e 

dinensioa? bo?® nsually it trill begrc© 12 to 20 eos 0 - 
long and £soer'0 o 8^to a 1<>5 eos 0 acro©@ 0 It can be 
generally circular* ok* polygonal? is cross-section 0 gach 
detachable test eeaber is usually a ssaall-scale 
\^ ©nsyee-coated sensor electrode, of the type discussed in 
the earlier Patent Applications listed above, and 
especially such an electrode where the ensyrae is 
specifically glucose-catalysing thereby diabetic 
conditions can be E®asured Q It csay be a small-calibre 
Invasive probe e o g 0 based on a 27-gauge needle faailiar 
to diabeticso It may alternatively be a flat external 
strip electrode dimensioned to operate on a soall 0 
noa«espres©ed ff blood drqpleto She socket arrangement 
will vary accordingly* 
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Id one embodiment of the present invention, two or tore 
sensor electrodes nay be incorporated into a single test 
member. Again, the socket arrangement trill vary 
accordingly. 

5 The readout aeans will typically be a conventional 

seven-segment display window towards the rearward end of 
the "pen" as in conventional pen/watches, in the case of 
the multiple sensor embodiment described in the 
preceding paragraph the display may be switchable 

lO between each sensor's discrete monitoring circuit, both 
the display and a single monitoring circuit may be 
«ltg|ty*MLt between sensors, or , a specific display, may. ... 
be provided for each of the sensors present. 

Such equipment is of course particularly adapted for use 
\S with the non-invasive strip sensor defined above, but 
may also be used with the needle-type invasive sensors. 

Another form of equipment with which the present 
invention is concerned is so-called •desk-top - 
equipment, i.e. for general but skilled use in a general 
1o clinic. 

In this aspect the invention sets out to provide 
suitable equipment for a practitioner of Meek-top" 
scale and complexity and while use of such equipment 
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a&fo ascending to the invention, be envisaged for any 
ensyB©-eatsily©able component (with suitable electrode 
©ystoos) for eomivonieaeo this specification crf.ll refe? 
to glucose fleteraiaatic® m typical 0 

5 Xn ©Si© g@ra the pr©®eiat invention therefore provide® 
analytical eguipoont fos detecting the pressse© ©£ ff 
©ea®uring the aoomt of and/or ooaitoring the level of 
one os 1 mor© selected component® of © liquid oisture,, 
comprising s 

to a cell th© posts of which on assembly jointly define a 
lot?=^oitoe liquid chaober* at least on© of the ©aid ee&i 
parts tosing provided with liquid inlet and outlet porta 
conoaiaieating with the said defined chanber wfeusa the 
parts ere asseBbled? 

\% a selectively operable puop for eausiEig the liquid 
mistur© to flow into the inlet seams and out of the 
outlet Mean® either continuously or Intermittently? 

a first electrode in the foro of a thin espanse of 
conductive material and cot^rialng at least at an 
\o external surface thereof th© combination of an ensytae 
and a mediator compound tfhich transfers electrons to the 
electrode when the onsy©© is eatalytieally active o 
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a second, reference, electrode also in the for* of a 
thin expanse of conductive material; 

each aaid electrode presenting an operative surface 
within said defined low- volume liquid chamber; 

6 a potentiostat for poising a predetermined voltage 
difference between the electrodes; 

means for detecting or measuring current flow between 
the electrodes when a liquid sample is introduced into 
the chamber; 

\o and 

signal storage and/ or readout means opera tively 
connected to the means for measuring current flow* 

The cell can be made out of two parts of "PERSPEX" 
(Trade Hark) rigid polymethylmethacrylate, and bolted 

\S together with the intermediary of a silicon rubber 

spacing gasket. It can possess two abutting faces, one 
or both recessed if and as necessary to define a 
suitable chamber, which is usually elongate in the 
direction of liquid flow, and the volume of which can 

1o vary, for example, from 0.1 to 1.0 ml. This will cope 
with a typical glucose-containing liquid sample in about 
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ma niEwat® cMtiBumona® flotf to &a accuracy oi ❖ 3§ 0 Sh® 
liqpM ial®t siM ©*3tl@t Etsifffc© cam both be is @ae coll 

§&%fco ®£ ©SI© ia ©ache 

His <E©Gg©Ei©iafc to be oeasmrefi is preferably glaaeose ©o a® 
& to giTO ® Q <a®s&°top°gleie@8e aaa&yser for the 

pr&et&ti©&®r 0 ^feo eiagyae i® therefore preferably 
gl®eo©e ©si&a©© (it ea® bs & gliseos© debyfircgfeaiase} aintfi 
for tM© ferroceesi® or a ferrocea® cSeriwati^e ©©eh a® 

0 

Iff! ^dlicathyl f«rr®e©sn@ is a preferred msfiiator 

ThQ support ©loetrodQ i© preferably of carbo© or a 
earbe>ai-e©K&taia£H^ nistur© o Th© earboa foils aa& ®©ohca© 
toaoaa ©Mer this Trade &srks a GRBMOIL 03 or "P&PXIS 0 to© to 
beea aas<sS iia practice with good results 

l£ ?h® @tb@r electrode i© preferably of silver foil with aa 
eieetro&epositefi &gCl layer 0 

Strip electrodes as .def iaeS can lie oae oa each opposed 
face of the degiatsd receaso 

The peep will geaeeally be operated coatismoasly 
*&0 throsgltest a deter oiia&tioa siaee the glucose ia the cell 
is catal?©@S aafi the readisg therefore decreases,, I£ 
desist tfi&Q poisp c&a itself operate aa iajectos aeaas 
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dosing or metering the flow of liquid. 

The potentionstat can for example be each as to hold the 
carbon electrode at +150 aV vs Ag/AgCl. The current flow 
will be proportional to glucose concentration over all 
£ expected ranges. 

In the operation of a glucose sensor a number of 
relevant technical points and advantages should be 
considered. It will be appreciated that these points are 
of general relevance and should by no Beans be 
restricted in this application to the particular design 
features of the present application t in other words* 
they apply generally to the embodiments listed above, 
and especially to those enbodinents insofar as they deal 
with equipment and nethods for glucose sensing. These 
features aret- 

I Constructional Features 

(a) Membrane cover for electrode 

Although the enzyne electrode should be in electrical 
contact with the liquid, it may be found valuable to 
lo exclude the sensor from interfering contact with larger 
aoledules or tissue fluid components. This can be done 
by a covering or surrounding membrane, depending on 

i 


vo 


elsaetirod® gcsoostzyc Heat-shrinfeabl® thin polymer tubing 
can to© cased as ff or in connection with, such aeabranes 0 


^bs oeahrane© can b© polyseri&ed in situ (e o g 0 cellulose 
acetate} o & -particular valuable neabraae is foroed by 

S jtolycartoE^fcQ/y especially those polycarbonates soM 

oasder the Trade £3arte@ o H0eE a ®©FaBg a or a S?SSZ£sX^ a o EShen 
tissue fluids are esatained thsy oay contain aseorbate? 
polycarbonate @e@branes do not pernit the passago of 
aseorbate thus virtually eiiainat® iatefffereaee froa 

lO that safosta©ee 0 Alternatively a poiyurethane aesforaae 
oay tea employed* 

(b) Type of cartoon 

Carbon foil, as strips,, or carbon attached to eeta! 
a©shes„ of pyrolytic grade and fenotm by the Trad® Mar&s 

t£ °G8&PBOXL G8 aad °R&F¥EX° are euch preferred for 
carbon-ferrocene electrodes for use with glucose 
osidase,, Osygen interference ia ainiiaal, there being 
less than 43 change in signal between anaerobic and 
Sully aerobic eagles* Their physical nature is also 

lo very convenient for fabrication,, especially of 
ssall^scale devices a 


0127958 


25 

II Operational features 

(a) operational potential 

Preferably operation should take place at a potential 
equivalent to +50 to 4200 M V vs. SGE since interference 
caused by oxidation of other chemical species present is 
thereby reduced* 

(b) Concentration range 

Glucose oxidase can be used to monitor glucose 
concentrations of 0 to 40 mM, and glucose dehydrogenase 
at 0 to 20 nN when immobilised on a carbon-ferrocene 
electrode. The sensor response is linear up to about 40 

(c) Response times 

The glucose oxidase sensor without membrane is 
kinetically limited giving rapid response times i.e. 
about 20 seconds to 951 of the steady-state current 
response. 

(d) Oxygen-sensitivity 

Glucose dehydrogenase/ferrocene electrodes are totally 
oxygen-insensitive. 
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(®) jgiSKS Qg MM el®Ctrcd® 

In gr&etiee, © realistic device can achieve gocd 
perforaanee tfittast a third electrode, nslng &jgf/&gCl a® 
si reference ©onHterelectrode* as described aore folly 

% feBlOWo 

■ (g) p8 and tenperatore 

• Gleteose ©sidase electrodes shots ao change in e&rreat 
output ketwe^a p&6 pK2> 0 and are thus relatively 
gB~in©easitive 0 <ffeey are tesaperetnre-stable tap to 
tO 40°C o if necessary temperature compensation can be 

ef fected asing a tMeraistoro or a constant tenperatnre 
jacket oay be tasedo Also* operating with the electrodes 
di££usion~»lliaiited minimise© temperature effects*, 

(g) Storage og Electrodes 

t£ Slectxode© May be stored ©oisto Extended storage ff over 
aonths or years ff @sy be achieved by freeze-drying or 
airdrying 0 

Although the invention as defined above has been 
diecusaed in torus of the eqaipaent used*, it will be 
"XO appreciated that other aspects of the invention also 
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present themselves. The totality of the equipment nay 
include a replaceable or throwaway cell; thus, the cell 
per se as defined above is an aspect of the invention, 
as are the combination of electrodes irrespective of 

S details of cell design, and the individual electrodes, 
of novel configuration. Methods of detecting the 
presence of, measuring the amount of or monitoring the 
level of one or more desired components (e.g. glucose) 
of a liquid mixture (e.g. tissue fluid or liquids 

\0 derived therefrom) utilising the equipment cells or 
electrodes cells defined above are also a feature of 
the present invention. 

Finally, the present invention is concerned with the 
electrical circuitry for operating the equipment as 
\<o described. 

According to this aspect of the present invention there 
is provided a measuring device for use with an 
electron-transfer electrode, comprising means for 
comparing an electrical output of the electrode with en 
*)lo electronic reference and means for providing a signal 
. related to the electrical output of the electrode. 

By employing an electronic reference rather than a cell 
or reference electrode a measurement using a sensor 
including an electron-transfer electrode may be made 
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without the use of a separate electrode as a reference. 

In a preferred embodiment of the Invention, the 
electron-trans f er electrode is poised at a fixed 
potential against a reference electrode, and the current 
flowing in the electron- transfer electrode is measured. 

The particular electron transfer electrode may be 
selected from a range of electrodes including those 
eiploying the following enqpaes 
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Bnzyae 
Flavo-proteina 

Pyruvate oxidase 
L-Aaino Acid Oxidase 
Aldehyde Oxidase 
Xanthine Oxidase 
Glucose Oxidase 
Glyeollate Oxidase 
Sarcosine Oxidase 
Lactate Oxidase 
Glutathione Reductase 
Lipoanide Dehydrogenase 

PQQ Bnsyaes 

Glucose Dehydrogenase 
Methanol Dehydrogenase 

Methylaaine Dehydrogenase 


Substrate 

Pyruvate 

L-Asino Acids 

Aldehydes 

Xanthines 

Glucose 

Glyeollate 

Sarcosine 

Lactate 

HAD(P)H 

SADH 

Glucose 
Methanol and 
other Alkanols 
Methylamine 


30 


tes 


Lactate Etehydrogeaas© 
([Yeast Cytechrooe B2) 
HoK-so°mdi©& Perosidase 
Yeast Cytochrome C . 
Perasid&s© 
Ktetalloflavopgoteins 
Gaston- aonosid© 
Osifioreductas© 


&©Ct©t© 

BEydrogen Peroxide 
E&drog ©a P^roside 
Carbon Etaxosid® 


\0 Cupgogsotein© 


(Salaetos© Osidase 


galactose 


The iaventioa will be further described with reference 
to the accompanying draftings, in whiehs- 

Figure 1 is a f roat view of a strip-supported electrode 
configuration; 

Figure 2 is © back view of the combination shorn in 
Figure It 

Figure 3 shows an invasive probe electrode? 

Figure 4 shows an alternative atrip-supported electrode; 
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Figure 5 shows a strip-supported electrode which is a 
variant of Figure 4; 

Figure 6 shows a modified connection of the strip 
electrode of Figures 4 and 5; 

Figure 7 shows a further alternative supported electrode; 

Figure 8 shows a combination of two electrode supports; 

Figure 9 shows one of the component parts of Figure 8 
tested within a needle acting as a reference electrode. 

Figure 10 shows a carbon fibre treated to form an 
electrode and located as in Figure 9; 

Figure 11 shows an assembly of two coordinated elongate 
electrodes held in spaced relationship but capable of 
separate replacement; 

Figure 12 shows diagraantlcally the electrical 
performance of electrodes as described in the above 
Figures, with especial reference to Figures 7 to 10; 

Figures 13a and 13b are general diagraanatic side views 
of a pen-like portable holder, of particular utility for 
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the electrode© ©howa ia Figures 4 6 5 aad 6, heviag ©a 
a©©eably of circuitry ©ad to^iag a read-out wiadow* 

Figure 14 i® a geaeral diagram of °des&«top 0 aaelytieal 
©qpaipeeat for Be&suriaig © substrate such a© glucose ia © 
S liquid sample* utiiisiog the electrode asseahly ©2 
Figure 11; 

Figure 15 is aa exploded view of past of th@ ©guipseat 
of Figure 14? 

Figure 16 ©hows © scheaatic diagram of oae fore of 
electrical circuitry for us© with the electrode© ©ad 
©quipaeat of the present iaveatioa? 

Figure 17 shows a aore elaborated circuit diagrao for 
u@© ia the eabcfiimeat of Figure 16; 

Figure 18 ©hows a scheaatic diagram of aa alteraativ© 
\£ eobodiseat of electrical circuitry? aad 

Figure 19 show© the oore elaborated circuit diagram of a 
.yet farther ©abodioeat of circuitry o 

la the followiag descriptioa of Figure© 1 aad 2 
dineasioas* oaterials amouat aad proportioa© are giwaa 
*3lo by way of example oaly? 
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A strip of epoxy glass 1, 9.5 x 40 x 1.6 u, has two 1 
mm diameter holes 2 and 3 therein. A 9 x 9 an piece of 
graphite tape or foil 4 is glued on one face, near the 
end to cover hole 2 and a 4 x 9 mm strip of silver foil 

5 5 ie glued adjacent thereto over hole 3. Hires 6 and 7 
(Pig. 2) on the hack enter holes 2 and 3 respectively 
for electrical connection with the respective electrode 
material 4 and 5, being glued in the holes by conductive 
epoxy resin 8. A stabilising layer of epoxy resin is 

\0 present over at least, part of the back e.g. at 9 to keep 
the wires in place. Carbon electrode 4 is covered with 
1, I'-dinethylferrocene and glucose oxidase. Silver 
electrode 5 is covered with silver chloride. 

The strip is nade up in the following sequences* 

\£ (a) drill holes 2 and 3, 

(b) glue on electrodes 4 and 5; "ARALDITB" epoxy resin 
is suitable but should not enter holes 2 and 3, 

(c) attached wires 6 and 7, using conductive epoxy 8, 
and apply "ARALDITE" resin at 9 the fix the wires in 

lo place, 


(d) hold the silver electrode at +400 nV vs. SCB in 5M 
for 10-15 seconds to deposit a thin AgCl layer. 



(©} Giggly a ©elsafci©® @g 1,1 -dimethyl ferrocea© (4 1} 
ia tolison© {20 ng/o J to the graphite tape 4 and alloc? 
to ©wpat© a 

J£J e@ver fcfoe £err©eeia©-eoat@d tape with 50 @2 
$ earfeodiiBid® (25 Bg/ol) ia pa 4 0 5 acetate &©g2©r for 1 
1/2 honr© and 

Kg} riiase and cover c?ith glueo©e ©si&a®© {12oS e^/bIJ 
p8 SoS acetate buffer for 2 femrs 0 

?h@ st^ip can be ssed bf attaching oire® 6 aasd 7 to © 
\0 p©te&ti®stat poising the potential at electrode 4 -at - -- **< 
*1§0 oFo Too &g/&gCl 0 siM dipping the ©trip into a 
giueose-eonteining solution" so that both electrode© 4 
and S sure eoveredo ¥he ©hape of .the ©trip facilitates 
sech. handlingo The current flowing is proportional to 
\£ glucose cosKces&t^atioaio 

Elgiare 3 shows a 27-gauge (0 o 3 aa) needle 10 pointed out 
at 11 and having a saaller area 12 ad a large? area 13 
cut frc© it© curved surface as .shown and insulated from 
the body of the needle o Erea 12 i@ coated with silver 
*Xo provide a reference silver-siver chloride potential*, 
area 13 i© coated first tfith carton and thereafter with 
a mediator compound such a® ferrocene and with a 
glueos@»©en£iitiv© ensym© e 0 g« bacterial glucose 
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dehydrogenase. A protective membrane can if desired also 
be located over this deposit* It is to be observed that 
the recess area 13 is a well-defined area of accurate 
size; also that the shoulders 12a and 13a protect the 
S respective deposits located between then as the needle 
is passed through tissue. 

Deposited conductive lines 14 and 15 pass separately 
along needle 10 and over its shaped end 16, the exact 
path of these lines not being of major significance 
tO except that they should not touch and that they should 
only connect one way round if head 16 lies in a 
connecting socket cavity as described in sore detail 
below with reference to Figures 13a and 13b. Conductive 
lines 14 and 15 are insulated from the body of the needle 

Figure 4 shows a strip electrode 17 made of, for 
example, a ceramic material or printed-circuit-board 
laminate. It Includes a square area 18 with connector 
lead 19, the square being covered with the 
enzyme-containing layers as described above. It further 
includes a small reference electrode area 20 and 
separate connector lead 21. The rearward end 22 of the 
electrode 17 fits into a socket as shown in Figures 13s 
and 13b and described below. It is to be noted that, as 
with the needle 10, the electrode strip 17 is a 
small-scale device. Thus square area 18 is of a side 
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length ©sly about half that of each of two swnare 
eolourioetrie test aire&s of conventional diagnostic 
tests ©and e©m -tased with the original non-espressed 
bead ©2 blcod froo si needle-pricls device^ which i© 
&d©qeato to cover the whole of the sgnare area and 
©oeaeaicat©® electrically with reference electrode area 

JJfodif ieaticas nay be md© to the ©Bfecdineat© shown in 
Figures '3 0 <So For ©sample the strip electrode as 
shown in Figure 4 can be loafer* whereby electrodes 18 
and 20 &sq located only partway along the strip, leaving 
a free enfl 22a to facilitate ease of banking Sy the 
patient without damaging or touching the electrodes o 
&lso„ the electrode ©trip can clip within two opposed 
contacts or resilient counting 31, the routing of on© or 
other of conductive lines 19 and 21 being modified 
accordingly,, 

Figure 5 ©hows a longer strip, and Figure 6 shows the 
inner end of a strip held between two resilient ©etal 
*Xo contact strips 0 

In Figure 7 a 2 ca length of electrically insulating 
polyaer for ©soopl© or TEFWBB ( & 

polyfluorocarfeon) 0 o 3 am square in transverse 
cross-section i© provided with a pailadiuo-silver 
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conductive electrode 31, on the front surface as shorn, 
and a second, smaller electrode 32, on the back as shown 
in dotted lines. In each case conductive lines 33 and 34 
respectively, were formed simultaneously with the 
^ electrodes. 

On the front electrode 31 is painted a mixture of 
i 

toluene, 1,1 -dimethyl ferrocene and graphite, formed 
by mixing a solution of the toluene and l,l' -dimethyl- 
ferrocene and a slurry of toluene and graphite. It is 

IO believed that the ferrocene is adsorbed on to graphite 
particles. After drying the mixture forms a layer 35. a 
layer 36 of glucose oxidase i* then immobilised on the 
graphite surface by carbondiimide immobilisation, known 
per se (enzyme adsorption can also be used). The 

& electrode may then be covered, on both sides, with a 
semipermeable membrane of cellulose acetate (or 
polyurethane), not shown, to block large interfering 
species from contact with the electrode. 

She square section of the support helps in the painting 
1o of slurry, or the enzyme-attachment stages, in keeping 
the electrodes 31 and 32 distinct. 

The small scale electrode so produced could be used gtr 
£2 but especially valuable for incorporation into a 
standard gauge needle, giving a blood-glucose reading 
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©sing the qgq© invasive neober as the eventual iajeetiona 

EThea producing such ©oall ©eale needles* the es&et - 
©©qpene© of ©tops can vary*, £$r Qs&api©* graphit© could 
f irst fe® painted oa, and & solution of this asdiator 
5 (ferrocene* QteS ia toluess© th©n be applied dipping 
late th® graphifc© 0 Likewise* the ©n&ya© e©& b© applied 
in solution for absorptioao fhere i@ therefor© a danger 
that the reference electrode e<>go ©ilver/pall©diu© could 
be adversely affected fay tb© solvents or solute© us©fio 

lO Slgure 8 shows the key stop© of a procedure wMeh can b© 
used to advant&ge'ia the fabrication of these 
nieroelectrodes o 

the reference electrode' 37 and it© -conductive lead«out 
strips 38 are foroed in silver/palladiuo on TSFLOH base 
X$ 3S 0 SiaiierlLy, ©a electrode support 40 and lead-out 

strip 4L are fonaed in silver/pall***** on TEFLOfit base 
• 42 0 paly this base 42 and it® ©lectrod© support are 
then subjected to (a) painting on a graphite slurry ia 
toluene' (b) dipping ia l ff l°di®etbylf©rroeen© solution 
ia toluene and (c) contacting with the ensyn© to absorb 
© O g 0 glucose oxidase into the active layer 43 0 
thereafter the base® 39 and 42 are glued or held, 
©id©-by«@id© ff " their' general rectangular cross-section 
facilitating such positive location Back-to back 
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location if also possible. 



€ Separation of electrodes in this way leads to a further 
proposal, as shown in Figure 9, in which the base 42 and 
its adherent conductive support 40 and active layer 43 
are located in an electrically insulated fashion within 
the bore 44 of a needle 45 by insulating adhesive at 46 

\0 and 47. It will be found convenient to allow sod 
uncovered free space 42a at the end of base 42 to 
facilitate such attachments. Any insulating fixing which 
does not affect liquid flow could equally wall be used. 

Heedle 45 is this embodiment must be nude of or coated 
l£ with a suitable reference material e.g. 

silver/palladium, or gold, or silver, since it acts as a 
reference electrode.. A silver coating say be 
electrocheaically plated with chloride ions to sake an 
Ag/AgCl reference electrode 

lo The electrode need not be fixed longitudinally with 
respect to the needle; it could lie within the needle 
during insertion and, by partial withdrawal of the 
needle, becomes exposed to e.g. interstitial fluid at 
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tin© (pffojoetiag) @i<sctscfl© regicfoo 

Typically/ tibm <sir© will' bis 50 m ia ! fiia@©t©eo Xt caa to 
cows?©fi by ^ <&ip eoatiag 1 psoe©fita£@ *©<,go 

Xo Dip-eo&t©fi wis© witb a eoXlifiaX sespsasioa ©2 
5 eolloi&al carboa* a i <§r*ce©a© aafl §ifce©s® osifia©© ia 
buffer ia © eistur© ©£ osg&aie solwaattr (sueto a© 
acetoae) o 

XX o Dip-co&t t&© t?4ff6 © oesbraa© eaeb as' e©llulo$e 

ae<8tafc© 0 ^IsWQtbaai© ©£ : ©tbe* suitable s©lwsato 

40 &lte*aa'tiwsiy, tb© 1 ca*8oa'BSt't©£i©l o&y fe© : dlisp©as©d m.th 
entirely and £©rrete<£a© botaafl- directly to tfe© gold 
ear£aeeo Suitable £©rroc©aes go? this procedure are 
tMol«substitttte& 0 & sat^is o£ cross-linked f l©eOs® 
osidas© oay tMa'bQ £©rB©d by Sipping th© electrode ia a' 
& solution Of ^lucosQ oxidase ia buffer aad 
glBtaayald©hyd©' and" proceeding as ia XX o 

Figure 10 sbow© a giaritfeer'develcposat of this idea 0 
Carbon fibre 48 is (a) dipped iato a toluene solutioa of 
ferrdc^eibV" dipped iato absolution to issobilise 
Tlo glucose- osidaie" ttoraoa usiag carbediiaide aafl (c) 

dipped agaia ia cellulose ' acetate, at 4?o .Poiyurethaa© 
&©Bbraaes ff or ©nsyQQ adsorptioai could also b© ©eedo 
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Again, as in Figure 9, the fibre can be aounted in a 
reference electrode needle 45 e.g. on insulating 
supports 50, possibly using suitable ports 51 as blood 
access ports. 

£ Figure 11 shows two halves: of a throughflow cell 

described in more detail below with reference to Figure 
15, the reference to apparatus feature being the same as 
utilised therein and described more fully below. The 
ceil has two like elongate shallow recesses 64 and 68 

tO one on each half 61a and -61b respectively which with 
spacer 63 define a working chamber when the cell is 
assembled. 

Within recess 64 is a strip. 65 of carbon as sold under 
the Registered Trade Mark GRAPHOILj coated. at 65a with a 

\£ layer of 1,1 -disethylferrocene deposited fron toluene 
solution and at 65b with the enxyse glucose oxidase 
bonded by carbodiinide. The recess 64 holds strip 65 in 
opposed relation to a strip of silver foil 72 with a 
surface silver chloride layer 73, itself located and 

1o held in recess 68. Thus/ a definite relative electrode 

cofaf igutatibn U achieved with einiature elongate sensor 
electrodes even though the "active" and "reference" 
electrodes are located on different, separate .parts. 

Further description of the cell 61 and ite environment 


in uej® is giwaa below with £Gfe*eac<B to fig®?® 14 &afi II 0 

figure 12 ©how© result© ©bteioefl ahea' tto§ 0 o 3- oa 
prafcotyp© ©leetre&Q of figure 7 ws>® ehs>re>efeQglSG& - 
©l@ctr©chcsaic©lXy ©afl io generally iaiflieati^e of reQuita 
©bt&iaeS with- ©t&or electrode designs,, 

Firsts a solution of grephite powder piuiB a&iader ia 
toluene was peiated oa the pallediuo-silwsr alloy 

.conductor 31 (stalled fey ferreati) &ag allowed t@ flry 0 
Curw© (©)* shows & dirGet current cyclic ^It&EEmjr&a @2 
the electrode la 100B& ptoC3gtet©«g3^eM©^afeQ Gl©©tr®lytG 

- J &t pi loOo ¥ha electrode diopl&ys a patesttial cj&ssdow 
over the range -300 to <-5Q0 v© scgo Ms hahaviour io 
siailer to that of © conveatiea&l grophit© eieetrcdQo 

' -The electrode surface was aechsnicsily ©ouad ©afi could 
• he polishes with an alumina-water slurry .without 
affecting its response*. 

Reference electrode 

ThfB reference potential of the palladiue-sil^er 
reference electrode 32. (incorporated ©a fe© fcho stsipj 
wae determined fey substitution into aa ©leetregheaieal 
systo© which had previously fesoa ealihrat©S c?ith a 
@®tu?&t@dl calomel electrode (SCg)c ¥h© rofereae© 
potential was SO ntf negative of 8CI a eoasoqiue&tly the 
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glucose sensor should be operated at 160t200aV vs Ag/M. 
The reference potential was stable, i.e. did not drift, 
over 48 hours of operation. 

Curve (b), shows a direct current voltaraogr&a of 
5 ferrocene nonocarboxylic acid recorded at the graphite 
electrode. 

Curve (c) shows that electro-oxidation of glucose occurs 
upon addition of glucose and glucose oxidase to the 
solution. Together, these curves demonstrate that the 
\0 electrode forned the basis of a glucose sensing device* 

Incorporation of 1.1' dlsethvlferrocene into the 
electrode 

A solution of 1,1 diaethylferrocene in toluene was 
nixed into a tolune-based slurry of the graphite powder. 
\% The nixture was then painted on to the base conductor 31 
and allowed to dry at 35* This provided an electrode 
surface that was electro active towards . glucose oxidase. 

Conclusions 

These experiments showed that "thic* layer'or 
1o screen-printing technology could provide a usable base 
strip which could easily be coated with a stable 


grapbit© ©urgac® ©ad tbafc umowc tha ©ioctred® surface 
could b© oad© o2 electro-active towards glucose by 
adsoggtioa og & g©rroe©a© directly iato tb® eoatiag 
@istur©o la aflflitioa, th© r©f©r©ae© ©loctred© cgerat©d 
J satisfactorily la bs22©r©d aolBafcioaso 

Figaros 13© an^ Ob ©boa © feolte whicb is particularly 
adapted to utilise electrodes as showa ia Figures 4 fl 5, 
6 but which could il a©c©ssary at i lis© electrode© as 
sbcaa ia Figures I eM 2, 3 C aad 7 aafl 8 at least o2 tb© 
to various eabcdiaeats @bom 0 

g>r®si above tb© Mte 81 iateatioaail^ r©jp3Bbl©0 a 
coavoatioaai p©a/t?ateb ©s ouch as possible Xt tea© a 
f orchard ©ad 82, possibly rotary to tigbtea tb© wail© '©2 
a flatteaed soc&et cavity 83 2oraed witbia it» h ceatral 
IS joia, © clip 84 aad a pr©ss-battoa 85 all resemble those 
o2 a coaveatioaal pea, aad digital readout-wiadcw 85 is 
- also o2 a type feaowa ia p©a/w©tcb©So 

Xasid© tb© bolder a© ©town by dotted liaes is coaasetioa 
circuit 87 0 possibly priated ia situ, bstt©sy 88 sad ^ 
•JjO operating circuitry 88 bebiad aafl saaufaetured a© a uait 
witb tb© display uiadoa 8S 0 ¥be display eaa b© capable 
o2 cparatioa oaly whea buttoa 85 is pressed so tbat 
' ■ estra illu@iaatioa caa be provided it aec©s®ary 0 
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The embodiments shorn in Figures 13a and 13b especially 
when used in conjunction with the electrodes of Figures 
4-6 fulfill the design criteria discussed above for 
such portable equipment. 

The delicate manipulation facilitated by the pengrip 
(e.g. by thumb and finger) means that the small 
electrodes e.g. of Figures 4, 5 or 6 can be easily 
assembled into, or detached from, the socket. A user 
will always orient the holder, with the window 86 visible 
thus always giving a uniform relative orientation to the 
socket 83 whereby the rearward ends of the fragile 
electrodes can be fitted without; experiment and damage. 

The "pen" format is instinctively picked up after use 
and safely carried in a pocket, more so than for any 
other small device. Thus the expensive part of the 
equipment is safeguarded. Furthermore, it is possible to 
incorporate a conventional timer circuit into the device 
thereby fulfilling the actual function of a pen-type 
watch and providing an audible or visible signal which 
marks the point in time at which a reading should be 
taken. 

Finally , the display is numerical, clearly visible and 
if necessary can be supplemented by an illuminating 
light source. 
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Figure® 14 and 15 are closely related to Figure 11* 
which ©hows as electrode configuration & two part cell 
61 ha© respective halves 61st and 61b bolted together by 
bolts not shown passing* for ©ssiHapl© through .the comer 
regions where indicated at 62 <, fh© parts SI© aM 61b are 
spaced by a silicone gvi&bes space? 63 o 

Part 61b has an eiong ate shallot? recess 64 on an 
internal face, at the base of which is located strip 65 
* GB&PEOXL carbon foil coated on its outwardly facing 
\Q surface with Ifl'diQethylferroeene (deposited fro® - 
toluene solution) and also having bonded thereto by 
e&rfeed&iaide the easyBe* giiseose ©sidas© 0 She aidpoisat off 
the rear face of this strip is connected to Hire 66 
passing seelingly through the cell part 61a 0 

\£ fhe spacer 63 has a centre 1 elongate hole 67 e etching 
in its periphery the periphery of recess 64 o 

3&e part lb has a shallot? elongate recess 68, also of 
'mtching periphery to hole 7 C M. the base of this recess 
is located a silver foil electrode 72 on which a thin 
*5lo silver chloride layer 73 has been electredepositedo fhis 
is connected at the aidpoint of its rear face to Hire 69 
again passing sealingly through ceil part 61b c 

Part 6ib further possesses a through port 70, 
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and 101B. 

The operational amplifier 104 is connected via its 
inverting input 103 to the terninal 101B and the 
feedback resistor 141. The non-inverting input 106 is 
£ connected to the electronic reference. 

A first-order low-pass filter 171 f 172 is connected 
across the feed-back resistor 141, and supplies an 
analog signal to the D.V.M. 8. Pin values are given for 
a 7I16CPL chip (aanufactured by Motorola). The D.V.M. 
\0 drives a liquid crystal display 112. 

Clock pulses for the D.V.M. are supplied fro* -the timer 
HI* (pin values are given for a 555 chip) via t he 
dividers 191 (pin values for an MC 1402 OB) and 192 (pin 
values for an MC14016B chip). The connection 193 to pin 
l£ 11 of the divider 191 enables a power-up reset. 

In Figure 18 alternative circuit is shown which does not 
make use of the non-inverting voltage buffer 102, bat 
has the sensor 101 connected between the operational 
amplifier 104, and ground. The enbodinent shown in 
lo Figure 18 employs a fixed reference voltage which is 
provided by a circuit differing fro© that of Figure 17. 

In this eobodiment, the diode 155 functions as a 
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wltag©-ref ©reae© diode aad provides © reference voltage 
drop across it® eads equ&l to the diode forward wltage<> 

gy a suitable choice of the values of the resistors 156, 
157 &ad 158 the correct voltage aey be appii©a across 
£ the electrode,, la this enbcdiaeat the ©easor agaia 

ei^loys as a refereae© an &g/&g& cockle aad isaobilised 
glucose oxidase ia the preseace of a mediator compound 
as the electroa-traasfer electrode 0 


Figure 19 shows a third eabcdiaeat of the preseat 
lO iaveatioa ff which provides a * coatiauously variable 
~ ref ereac© $bltag © which oay fee selected to accomodate. - 
aay type of eieetroa-traasfer electrode, that is, oae, 
which for exaiapl©, employs aay of the <Basynss listed 
hereia or aay coobiaatioa of these easyiaeSo The LED 
\£ display is act shorn ia Figure 4 Q 

la Figure 19 the feedback resistor 141 ia circuit at aay 
givea tise aay be selected frota resistors 141a, 141b, 
aad 141c by aeaas of ©witch Stf2a which is gaagad with 
switch Sff2b a «?his allows the curreat outpat of the 
\o seasor 101 to be displayed ia three raages, for ©sag®!©, 
I ^ 10 & or 100 a full scaleo Furthermore, the raage 
oay be triaiaed by usiag the variable resistors 42a aad 
42b 0 
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communicating with the bottom of the recess, and a 
through port 71 communicating with the top. 

The cell is assenbled by bolts 62 so that the recesses 
64 and 68 together with hole 67 of spacer 63, define a 

5 leak-proof chamber with opposed electrodes* 

Hydraulically, it is connected at 70 to injector device 
72 (e.g. a sample-holding three-way valve) pressurised 
by pump 73 whereby liquid sample is forced in at 70, 
through the chanber 64, 67 and 68, and out to waste at 

lO 71, Electrically, wires 66 and 69 are connected to 

potentiostat 74 to poise the graphite electrode at 4150 
-nV vs Ag/AgCl, and current values proportional to * * - * : 
glucose content in the sample are displayed at 75. 

In Figure 16, a sensor 101 is connected between a 
\£ voltage buffer 102, and the inverting input 103 of the 
operational aaplifier 104 which is configured as a 
current amplifer. An electronic reference 105 connected 
to the non-inverting input 106 of the operational 
aaplifier is fed into a low-pass filter 107 which 
%Q removes rapid signal fluctuations (which nay be due to 
noise, earth hue or other sources of interference) while 
allowing the filtered output of the operational 
amplifier 104 to be fed into the digital volt meter 
(D.V.H.). 
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Cho digital wit sot©* is supplied with clocfe poises vi© 
tto divider 109, froa the tieer Hlo The DoVoH drives a 
li<guid crystal display 112 o flaa electronic reference 
105^ is ©ith©r of a pre-selected v&l©© capable of 
§ beiag selected for a particular electron transfer 
electrode© 

la ^ach of the ©ebGdiments of electrode discussed above 
the sensor cooprise© a aediator«carrying surface which 
has one or sore ©asyaes ismobilised thereupon*, The 
}Q ©easor farther includes 'a silver/silver chloride 

(&g/&gCl) internal reference electrode*. If, ■ for osaspl©, 
a voltage of -fl-200 ©V volt® is preferentially dropped 
across the electrode as is the case with a glucose 
-osidase-contaiaing electrode, thea the reference 
\£ voltage 105 is selected accordingly* 

la Figure 17, the electronic reference coagprises 
resistors 152, 153 and 154 together with diodes 151 0 & 
voltage is ©elected at 0 o 3V by a suitable choice of 
resistor values at 152, 153 and 154„ She voltage across 
«5lO the resistor 153 is IV, which ensures that 100 & of 
electrode current will give a full scale reading of 999 
on the liquid crystal display 109 o 

Ron-inverting buffer 102 ensures that the voltage on the 
ter&inal 1Q1& remains substantially constant She sensor 
1> 1 (figure 1) is connected across terminals 101& 
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The eabodinent shown Id Figure 19 haa the non-inverting 
voltage buffer 102 of the eabodinent shown in Pigure 17. 

The reference voltage for the eabodinent shown in Figure 
19, is derived fro* the circuit eleaents 501*505 which 

S include the potentiometers 503 and 502 providing a 
variable voltage across the sensor 101 , thereby 
accomodating any type of electron-transfer electrode. 
It is envisaged that the continuously variable resistors 
142a and 142b could be replaced in certain applications 

\0 by stepwise resistance switching means with each 

position or setting being dedicated to a particular type 
of electrode, - ... 

Various modifications nay be made in the circuitry. For 
example the liquid crystal display nay be replaced by a 
\£ plotter or a dosage control device, or a temperature: 
stability circuit nay be incorporated. 

Various aodif ications nay also be made in constructional 
techniques for the electrode manufacture. 

The electrode aay for example be aanuf actured by screen 
Xo printing techniques e.g. in a multi -stepped procedure 
comprising 


I - screen printing of Ag/AgCl reference electrode and 
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natal tz&ei&§o 

XX - nses©®a psiatiag @f th© aeti^© ®X©etrofl© tfifcfa a 
psiatiag istic e@cp?i(Bi8g © ©©XioiSaX eaefe@a ff flee©®© 
©siGao© ia tes&&QXo auisfi aa ©ggaaie peXyo^So 

4 XXX ~ seraea gsiatiag, gpsayiag ©£ flip eoatiag t© 
pra^id© a Qffla&7©&& ©^©s the ©©©safely o 

M^aatages of this aisthefi as© that it £© aaeaabi© t© 
high toIoob aateeatie®, aafl is ©2 Ugh ecfiiaieibiXity 

^gea tfes &&©to ifc f@ll@w© that a ©aspeaQioa ia a. limpid 
lO oodisa ©g casfesa tegotfeQ^ with at least ©a© ©f (a) aa 
easy©© as& (b) a ©©diatoe ©©eposafi eapabl© ©£ 
traasfaeffiag change to fcfe® said easfeoa fso® the ©agytae 
wh©a tfe© ©asys© i© eatalytieaily active, th© said 
saspeasioa fc©iag fosm©d as a prfatabl® aad coadectiv© 
Yk iate foe ©s© ia tha f a&fficatioa of ©l©etzed©a a® 

described above, is als© aa aspect of tfas iawaatioa 0 
Preferably, both the ©agys© (<s 0 g 0 glaco©© ©sidase) aad 
tita ©sdiafcos {©of o foSEceoa© off a 2©rE©e©a© dorivatiws) 
a^© gr©©©afe ia th® iate fosnaXatioao 

Sh© mediator taay b® ia the fee© of a a®diator/hapt<aa 
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conjugate, i.e. be linked to & ligand material so that 
ite activity in its charge-transferring property is a 
neasure of further or competitive binding reaction with 
a specific binding agent with which the eventual 

£ electrode, having the specialised ink thereon, is 
contacted. A specific example is the 
theophylline/ferrocene conjugate described in copending 
Application entitled "Assay systems utilising specific 
binding agents", of even date herewith* Other 

\0 mediator/enmyme/ligand systems can also be utilised in 
the specialised ink. 

That copending Application also describes a further 
modification of electrode treatment in which a metal 
such as gold is pretreated with a mediator compound such 
lC as a ferrocene containing a sulphur-containing linking 
group. Examples of preparation of such materials as the 
direct monothiol. the low alkylene - omega monothiols 
(C^-Cg) the compound 

PC-CH 2 -Cfl 2 -CH2~ CT 2 -CH 2 SH or the compounds in 
lO which a chain of sulphur atoms connect the ferrocene 
ring systems are given in that copending Application, 
the disclosure of which is incorporated herein by way of 
reference. 

Thus, an electrode dip or contact solution for a noble 
fj£ metal electrode such as gold can be prepared containing 
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8QC h a sulphur-linkable ferrocene, and give a coated 
electrode with a ferrocene-type layer adherently in 
place. 


CLAIMS i 
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1. sensor means for selective detection, measurement or 
monitoring of a given dissolved substrate in a mixture 
of dissolved substrates, comprising t- 

(a) an area of first electrode material comprising 
an enzyme catalytic of the said substrate and a mediator 
compound to transfer charge to the electrode when the 
enzyme is catalytically active, adjacent to but 
non-contiguous with? 

(b) an area of reference electrode material; both 
electrodes being of small dimension, and extending as or 
supported on an elongate meaber^to facilitate 
manipulation before or during contact with live tissue 
or a small withdrawn sample of body fluid. 

2. sensor means as claimed in claim 1. in which the area 
of first electrode material comprises (a) a ligand such 
as an antibody (b) an antiligand, such as a hapten, with 
specific binding properties thereto (cj the mediator, 
conjugated to either (a) or (b) and eleetrochemically 
active only when (a) and (b) are not specif ically bound. 

3. A sensor for contact with a liquid mixture of 
components for detecting the presence of, measuring the 
amount of and/or monitoring the level of one or more 
selected components capable of undergoing an enzyme 


©11 2?&s@ 


§6 

eatalyssdl E©aeti@a ff tb© ®©a©©£ cosgsisiags- 
(&J sua eloagat© ©opps^t aoob©*, 

(b) ©a & seffg&e© tfc©£©©2 fe©wards ©a© <s@& am ©spaas© o2 a 
fisst ©l©ct£©d© ©2 ©l@et£icaily €©adta©ti^© oat©*ial 
S cG^ffisiag at l©ast at aa out©? ata*f ac@ th©£©of the 

ecsabiaatioa of aa ©asya® aad a D©aiat©£ eospouad which 
tsaasf ©£® ©leeteoa© t© tfo© £i?@t ©l©etrod© whea tb® 
@asy©e is catalytieally aetiv© ff 

(e} ©a a s©rfa©@ ©2 tb© ©loagat© m®p©£t ©©tafe&ff aad also 
\0 tocsaEd© tb© ©aid-oad -tb©£@©S"&a ©^gaas® ©2 a a©e©ad p 
r©£©?©ae© 0 electff©^©^ and 

(d) ®©par©t© electsieal coaaectioa to each ©leetsod© for 
attaebEisat to a r©ad«otst seaa© dsaotiag pr©s@ac© fl 
asouat* os soaitoeed leml of tb© said oa© o? so?© 
lC s©l©et©d c©E®oa©at® ia a liqaid ©©diea iato wbieb tb© 
s^post B©sfed>£ is dipped to coatact botb ©l©et£@d©So 

4o & s©a®oe ®©aaa eo^pffisiag (®J a flat giffst ©lectsed© 
as©© ©f kaom as©a seal 2. ©aosgb to b© eoeplst©!^ 
oov©*abl© by th© sa©as of bleefl produced £ soa a 
^Lo ©©a-esp£@®s®d d£©p ©f bloefl g©a©£at©d f som a 

a©©dl©-pffiek at a bodily ©stseaity, (bj a eof©£©ae© 
©l©etscd© air©a ©a tb© saa© saefae© @©pa£&t© f £©a tot 
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sufficiently close to the sensitive electrode area that 
the said blood smear also reaches the reference 
electrode to establish electrical communication and (c) 
separate conductive elements extending along the sane 
surface of the elongate support member, communicating 
one with each electrode for connection to signal 
read-out Beans attachable to one end of the member. 

5. A sensor as clalaed in claim 4 in which the first 
area is square. 

6* A sensor as clained in claim 4 in which the first 
area is less than 25 sq. on* 

7. a needle probe electrode carrier for placement through 
tissue into a measurement location such as a blood 
vessel, in the form of a generally cylindrical pointed 
needle having forced therein near the pointed end two 
flat depressions spaced apart longitudinally, each 
depression with a floor at right angles to the needle 
radius and each with a protective shoulder at each end 
of that floor: wherein the floor of one such depression 
is coated with an adherent layer comprising an enzyme 
and a mediator compound to transfer charge from the 
eneyme when it is contacted with its specific substrate 
and hence catalytically active; the floor of the other 
such depression is coated with an adherent reference 
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©IL<2setr©flQ layer? aad separate coadaetiwa ©leosats are 
provided aloag the sarff&e® ©2 the aeedl®, cooaaaicatiag 
o®q with each electrode layer, ffor coaaeetioa to sigaal 
readout aeaas attachable at the orates ©ad of the aeedl©o 

§ 80 ^ ©easor ffor ©electiv© deteetioa, detersiaatioa Off 
Etoaitoriag @ff & giwaa dissolved sabstrate ia a oistare 
©2 dissolved sabstratea, off the typ© in which aa 
• electrode is provided with aa ©asyn© catalytic off said 
sabstrate aad with a aediator eor^oaad to traasffer 
\q charge to the electrode to provide a read-oat sigaal 
agaiast a reffereaee electrodes whereia th© reffereaee 
' electrode £cf a metallic aeedlsi ©arroaadiag, iasalated*/*' 
ffroca, aad ©ad© off or qosted with suitable r©£©reac© 
electrode ©aterial t©* th© ©easitiv© ©l©ctz©de 0 

\% 9o A season a® claimed ia claia 8 ia which the electrode 
aad the aeedl© are sel©tiv©ly loagitudiaally ioovabl®o 

10o & seasor as daiaed ia claia 8 ia which the 
seasitive electrode i© carboa ffibr© carrying a co&tiag 
iacludiag th© ©aid easya© aad mediator „ 

*3lq llo A ©easor as claimed ia elaio 8, 9 or 10 ia which the 
reffer^aae© electrode aaterial is silver, gold* or 
silver/palladies,, 
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12. A sensor for selective detection, determination or 
aonitoring of a given dissolved substrate in a sixture 
of dissolved substrates, of the type in which an 
electrode is provided with an ensyae catalytic of said 

S substrate and with a aediator coapound to transfer 
charge to the electrode to provide a read-oat signal 
against a reference electrodes wherein the sensitive 
electrode and the reference electrode are located on 
opposite faces of an elongate non-conductive support of 

\Q rectangular cross-section. 


13. A sensor as claiaed in claia 12 in which the support 
. - has- a square cross-section of less than 0.5 aa square, v - , 

14 The combination of a hollow needle and the sensor as 
claiaed in claia 13 located therein. 

\i 15. A aethod of fabricating sensors as claiaed in claia 
13 in which the sensitive electrodes and the reference 
electrode are separately fabricated on separable 
supports and these supports are finally united to 
provide a sensor. 


lo 16.A two-part cell asseably each part containing a 
elongate recess accoamodating one elongate electrode, 
the first electrode comprising an enzyme and 
charge-transferring mediator on a conductive support and 


60 

the socoM electrode being a reference electrodes the 
said ,partQ* when assesbled with the recesses' opposed, 
defining a throughf low liquid etoaaael between the 
thereby located and spaced electrodes, whereby the 
<$ eoabinatioa is sensitive to the substrate of the easya© 
passing through th© channel 

17 o &n ©sseably of circuitry and display means for us© 
in producing a readout value as a diagnostic aid in 
medietas, and coeprisiags 

to (a) a pea-litse toollro elongate outer housing? 

(b) an ©lectrically coaductive socket at one ©ad of said 
housing, suitable to receive the outer end of at least 
one detachable test ©eaber cepable when contacted with a 
physiological test liquid of produciag an electrical 
\i signal correlatiag with a physiological parameter to 
which the test ©ember is selectively sensitive aafl ff 

(c) a digital read-out wiadow toward© the other ead of 
said housing for exhibiting a numerical value 
corresponding to the parameter o 

*Xa 18o &a a@©enbly as claimed in clai© 1 fron 12 to 20 

centieetres long and fro® 0 o 8 to l c 5 centiaetres across 
its oasiaua transverse d i mens ion 0 
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19. An assembly as claiaed in claia 1 in further 
«Mbination with an invasive needle probe as the test 
aenber. 

20. An asseably as cleiaed in claia 1 in £urtner 

€ combination with a flat strip electrode as an external 
non-invasive test .ember fox a blood droplet. 

21. The operative combination of (I) an asseably of 
circuitry and display aeans for use in producing a 
readont value of blood glucose level as a diagnostic 

VO acid in treataent or control of diabetes, coaprisings 

(a) a pen-like hollow elongate housing; 

(b) an electrically conductive socket one end of said 
housing suitable to receive a detachable strip electrode 
carrier, and 

£ (e) a digital readout window towards the other end of 
said housing connected to said socket for exhibiting a 
numerical value corresponding to the said glucose level 
and 


(II) a strip test electrode carrier held at one end i 
1o said socket, carrying 


®2 

(a} ^ flat ©loetred© of ©r©a aot graater th&a 25 ®<a 0 
aad eoEpri&iag & glucos® catalytic ©asyo© aod a 
Btsfcalloocsa© nsdi&fcor wh©r<efey it is s©ga©itiv© to &>leod 
gluaco©© i@^olo 0 

(b) a roferaae© ©i<Betrod© ar©a a©s&-©35&tig©o©8 with fast 
closc&iy adjaeaat to th® said ©©asitiTO ©leetrcd© area aad 

(e) asparat® conduct i^© ©l^naats ©stsinidiag alos&g th© 
strip eans*aaieatiiag ©s&© with ©aeh ©leietrofi© for 
coan©etioa to the soclfcsto 

22 0 Baalytiea2 <5qtaijpn©&t for detoctiscj. th© .prosssiea off ff 
□©ssurimg the anooat of aasd/or eoaitoris&g th© 1©<S>©1 o£ 
©&© or eor© 8<§lect©d e©£ipe>a©iat© of a liquid mistmr©, 
comprising 8 

a cell the parts of which ©a assembly jointly def iae a 
lot^woiua© liquid eha©b©r ff at least ©a© of th® said c©ll 
parts haiog provided with liquid ioiet aad outlet port© 
coBsuaicatirag oith the said defiaed ehaober »h©a the 
part© aro assembled? 

a selectively qperabl© puqp for eaesiag th© liquid 
aistur® to f loo iato th© ial©t neams aod out of th© 
outlet o©aa© ©itfoor e©atiaiaoia©ly or iat©rsitt©Btiy? 
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a first electrode in the forn of a thin expanse of 
conductive aaterial and comprising at least at an 
external surface thereof the conbination of an enzyae 
and a aediator compound which transfers electrons to the 
electrode when the enzyae is catalytically active. 

a second, reference, electrode also in the. font of a 
thin expanse of conductive material; 

each said electrode presenting an operative surface 
within said defined low- volume liquid chamber; 

a potentiostat for poising a predetermined voltage 
difference between the electrodes; 

means for detecting or measuring current flow between 
the electrodes when a liquid sample is introduced into 
the chamber; 

and 

signal storage and/or readout means operatively 
connected to the means for measuring current flow. 

23 .A measuring device for use with an electron-transfer 
electrode, comprising means for comparing an electrical 
output of the electrode with an electronic reference and 
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©©aas g@3? g»^©^ifiia® a ©ifaai eslafcefi t© fch© <slo©t£ieai 
©urfcgaafc ©2 tbs oio@^@S©o 

'2<S D & tasa©Q£iag &©^&e© ©o ©Iaio©fi ia ei&ia S3 ia which 

^ g>©t<satiai against a e®2®£©o£© elect ircfi(s 5 a&d the eu^ffeat 
21©t?ing ia fch© ©loefee@®«tsaa©f©e <al©efcs©fi© is ©easaffefio 

t 

25 0 & ©<aa©©£ a© el&in@£t ia &ay ©a© of claim l fl 2 ff 3 0 

12 o IS asfi 22 is which tha e<a£©r<sa©© ©leetrcfie is 
aa &@M@€1 ©l@e^©S©o 

■•4© 26o*& ©©Eisoff * ao eiaiooa ia aiay ©a© ©2 elaiss. 1^-2,* /J* ■* 
7*8, 10, 12 fl lS fl aM 22 ia which th© ©asyB© is a glaeos© 

©agy©©o 

27 0 fa ssasoi? as elaimoS ia stay ©a® of els i as 1, 2? 3, 4* 
7, 8, 10, 12, 1® 22 ia which the aviator is a 
\€ f©sx©e©a@o 

28 o & s®a©©£ ao ©laleoS ia ©ay ©ao ©£ claims 1, 2, 3, <S, 
7, 8,10, 12, IS 22 ia which th© B^aiator i© 

0 

1,1 ««fli£a©thylg®£E@e©a©o 

2S 0 S ®©a©©£ &q elaiaefi ia aay ©a® el&i&s 3, 4* 7, 8, 
1o 10, 12, IS aafi 22 i® which th® 2is@t ®l<&ctseS® s©fe®Eiai 
coapsis©© (a) a ligaafl seeh a© aa aatibofiy (&) aa 
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antiligand, such as a hapten, with specific binding 
properties thereto (c) the mediator, conjugated to 
either (a) or (b) and electrochemically active only when 
(a) and (b) are not specifically bound. 

30. A suspension in a liquid medium of carbon together 
with at least one of (a) an enzyme and (b) a mediator 
compound capable of transferring charge to the aid 
carbon from the enzyme when the enzyme is catalytically 
active, the said suspension being formed as a printable 
and conductive ink for use in the fabrication of 
electrodes* 

31. A suspension as claimed in claia 30 in which both 
the enzyme and the mediator are present. 

32. A suspension as claimed in claim 30 in which the 
enzyme is glucose oxidase and the mediator is ferrocene. 

33. A suspension as claimed in claim 30, 31 or 32 
comprising a mediator/hapten conjugate. 

34. A suspension as claimed inclaim 30, 31 or 32 which 
comprises a theqphylline/ferrocene conjugate. 

35. An electrode dip or contact solution suitable for a 
noble metal electrode and comprising a 
sulphur-containing 
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ferrocene derivative whereby the ferrocene compound is 
linked directly to the noble metal. 

36. An electrode dip or contact solution for a gold 
electrode comprising a sulphur-linked ferrocene 
derivative with a thiol group linked directly or by an 
interposed alkylene chain to a ferrocene ring. 


• •f 
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